Chromosomes of the Ryukyu house shrew Suncus muriuus riukiuanus, were studied in 4 laboratory-bred specimens. While the autosomal constitution was almost identical with that of the Ryukyu house shrew so far reported, the sex chromosomes remarkably differed in size and morphology from those of reported cases. Three different types of the X chromosomes were distinguished:
INTRODUCTION
The house shrew, Suncus murinus (Linnaeus), is one of the ground insectivores belonging to the family Soricidae. The literature refers to an extensive intraspecific variation in both the sex chromosomes (Manna and Talukdar 1967; Duncan et al. 1970; Rao et al. 1970; Sharma et al. 1970; Yong 1974 ) and autosomes (Yong 1971 (Yong ,1972 (Yong ,1974 Sam et al. 1979) . Most of the autosomal variations were explained by the Robertsonian translocation, i.e., centric fusion (Yong 1972) , while the variations of the sex chromosomes were ascribed partly to the difference in the amount of C-heterochromatin (Ando et al. 1980) . The chromosomes of the Ryukyu house shrew, Suncus murinus riukiuanus Kuroda, were studied by the classic sectioning (Tateishi 1938) , the conventional Giemsa staining (Yosida et al. 1968) , and C-banding methods (Ando et al. 1980 ). The present paper reports morphological details and variations of sex-chromosomes in four specimens of this subspecies.
MATERIALS AND METHODS.
Four adult specimens (2 females and 2 males) of Suncus murinus riukiuanus were supplied for the present study through the courtesy of Professor Kyoji Kondo, Faculty of Agriculture, Nagoya University. They were the laboratory-bred offspring from the specimens collected in Okinawa. The procedure for the chromosome preparation was previously described (Obara and Saitoh 1977; Obara et al. 1980) . Bone marrow cells were suspended in TC199 culture medium supplemented with 20% calf serum, and kept in a CO2 incubator for 2 h at 37°C with colchicine (0.08 pg/ml) for final 1 h. Flamedried chromosome slides were conventionally stained with Giemsa, while airdried ones were C-banded by Sumner's BSG method (1972) . Individual chromosomes were classified according to the criteria of Levan et al. (1964) .
RESULTS
A total of 436 Giemsa-stained metaphases came under study. Among them 99 well-spread metaphases were subjected to careful karyotyping.
In each specimen, 8 to 10 karyotypes were statistically analyzed. The diploid chromosome number was 40 in all of the 4 specimens under study, in agreement with the results of earlier workers (Tateishi 1938; Yosida et al. 1968; Ando et al. 1980) . Representative karyotypes are shown in Fig. 1 . The autosomal constitution was apparently identical with that formerly described; it consisted of 4 pairs of meta-or submetacentrics (Nos. 1-4), 6 pairs of subtelo-or acrocentrics (Nos. 5-10) and 9 pairs of telocentrics . In contrast, the X chromosomes of the present specimens were appreciably different from those of the earlier reports, showing striking variations in their relative size and arm ratio (Fig. 1) . Fig. 2 depicts representative partial karyotypes in the four specimens examined. Statistic data on the relative length, arm ratio and centromeric position of the X are summarized in Table 1 . There were no significant difference in the morphological characteristics between the two female speci- showing the largest meta- Table 1 . Morphological features of the X chromosome in the Ryukyu house shrew, Suncus murinus riukiuanus mens, both having two morphologically identical metacentric X chromosomes. The single X chromosome in the two male specimens showed no significant difference in their relative length, while their arm ratio was significantly different between the two specimens (Fig. 2) . In fact, the specimen No. 3 had a submetacentric X, while No. 4 a metacentric X. The X chromosomes in the male were significantly smaller than those in the female.
The statistical data on the Y chromosomes are summarized in Table 2 . The Y was identified as a metacentric, being nearly two-third of the female X in length. There were no significant differences in the relative length as well as in the arm ratio between the Y chromosomes of the two male specimens. C-heterochromatin staining technique was applied to a male specimen (Fig.  3) . The metacentric X had a deeply stained C-band block on the juxtacentromeric region of its short arm and a small terminal C-band on both arms. The most part of the long arm seemed to be euchromatic. The major part of the Y including the centromeric region was deeply C-stained.
DISCUSSION
The house shrew, Suncus murinus, shows extensive variations of chromosomes among several populations from different parts of Asia, such as India (Manna and Talukdar 1967) , South Vietnam (Duncan et al. 1970) , Malaysia (Yong 1974) , and Japan (Ando et al. 1980) . In this species, however, intrapopulational variations have been known only in the autosomes (Yong 1971) . In our specimens the X chromosomes showed remarkable variations in their morphology, and further the C-band pattern of the submetacentric X is quite different from that reported by Ando et al. (1980) : the latter X is characterized by a broad C-band covering the distal one third of its long arm and a small terminal C-band on its short arm. Since no specific variation could be detected in the autosomes of our specimens, the assumption is allowed that the morphological variations of the X chromosomes here observed are probably due to partial deletion of the C-band material, as well as to certain intrachromosomal rearrangements including inversions. The Y chromosome of the house shrew also shows considerable geographic variations in size, ranging from 3.9 to 8.6% in relative length, and morphology, acrocentric or submetacentric, as reported in the specimens from South East Asia, India and Japan (Manna and Talukdar 1967; Sharma et al. 1969; Duncan et al. 1970; Rao et al. 1970; Yong 1974; Ando et al. 1980) . The metacentric Y of our specimens apparently differed from the submetacentric Y reported by Ando et al. (1980) , though its relative length was similar to the submetacentric Y described in the West Malaysian populations (Yong 1974) , corresponding to 4.0% of the female haploid set.
Generally the C-heterochromatin staining is one of the techniques indispensable for understanding of the intra-and intraspecific chromosome variations and the karyotypic evolution at a generic level (Stock and Hsu 1973; Harada and Yosida 1978) . Further, it has been shown that the intraspecific morphological variation of sex chromosomes is often attributable to the variation in the amount of the C-heterochromatin (Baverstock et al. 1977) . The Y of the Ryukyu house shrew showed a distinct variation in the amount and distribution of C-heterochromatin (Ando et al. 1980 ; the present study). Then it seems likely that the variation in size and morphology of the Y of the Ryukyu house shrew have been attributable to the duplication or diminution of C-heterochromatin and probably to the pericentric inversion.
The Y of the Malayan house shrew is metacentric and has a distinct C-band on its short arm (Sam et al. 1979 ). This C-heterochromatin distribution pattern seems to differ from that in the metacentric Y of our specimens, irrespective of their close morphological similarity.
This may suggest that, in Suncus murinus, the heterochromatinization of euchromatin, or the euchromatinization of C-heterochromatin, is closely associated with the intraspecific variation of the Y. Further studies on the C-band heterochromatin and G-or Q-banding patterns are needed for understanding the sex-chromosome evolution of the house shrew. Crossbreeding experiments are also the subject for future studies.
